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Abstract. Royal jelly is a highly active natural biological substance secreted from the 
hypopharyngeal and mandibular glands of young worker honeybees (Apis mellifera). The main quality 
parameters of royal jelly composition are water, proteins, carbohydrates, lipids, 10-hydroxy-2-
decenoic acid, ash, pH and acidity. The aim of this study is to compare physicochemical parameters in 
royal jelly samples from Romania and Bulgaria in order to assess whether there are any differences 
between the samples from the both countries. The following parameters: proteins by Folin-Ciocalteu 
reagent; sugars (fructose, glucose, sucrose) by HPLC; water by refractometer and direct drying; total 
acidity by titration with 0.1 N NaOH and pH–potentiometrically were measured in 35 Bulgarian and 
34 Romanian royal jelly samples collected from different regions of both countries. The values 
obtained for parameters in samples from Romania are as follow: water 62.50±3.52%, proteins 
13.04±1.87%, fructose 5.39±1.12%, glucose 5.41±1.45%, sucrose 1.19±0.67%, pH 3.99±0.09 and 
total acidity 3.78±0.53 ml 0.1 N NaOH/g. The samples from Bulgaria gave the following results: 
water 62.13±1.90%, proteins 15.83±2.58%, fructose 4.84±0.81%, glucose 4.51±1.05%, sucrose 
1.92±1.21%, pH 3.85±0.18 and total acidity 3.90±1.42 ml 0.1 N NaOH/g. Higher levels of protein and 
sucrose and lower levels of fructose were found in Bulgarian royal jelly. Differences in climate 
between the two countries, different equipments used for analysis, even the methods used are the same 
and RJ intrinsic heterogeneity can influence the composition of the product. 
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INTRODUCTION 
 
Royal jelly (RJ) is a secretion produced by the hypopharyngeal and mandibular 
glands of the nurse honeybees (Apis mellifera) through the partial digestion of pollen and 
honey. RJ is the food for honeybee larvae during their first three days of life and for the queen 
bee throughout her life (Lercker et al., 1981). It is generally regarded as the major reason of 
the significant morphological and functional differences between queen and worker bees 
(Karaali et al., 1988). For many years RJ has been a commercial product all over the world, 
especially used in dietetics and cosmetics due to its numerous biological activities such as 
anti-tumor, anti-bacterial, anti-hypercholesterolemic, anti-inflammatory and antioxidant 
activity (Fujii, 1995; Kamakura et al., 2001). The chemical composition of RJ is very 
complex: water (60–70%), proteins (9–18%), carbohydrates (7–18%), lipids (3–8%), minerals 
(0.8–3%), vitamins and amino acids (Sabatini et al., 2009). 
According to literature RJ composition may vary depending on the metabolic and 
physiologic state of worker bees (Scarselli et al., 2005) as well as on the larval age (Lercker et 
al., 1993; Brouwers et al., 1987), the honeybee race (Sano et al., 2004) and the seasonal and 
regional conditions (Biondi et al., 2003; Chen and Chen, 1995). 
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Food quality requires the control of nutritional value, sensorial properties, 
authenticity and safety. Some countries like Switzerland (Bogdanov et al., 2004), Brazil 
(Brasil Leis e decretos, 2001) have defined national standards for RJ while Bulgaria expects 
to define a new one. Up to now, there is no international standard for this product, a group of 
the International Honey Commission (IHC) dealing presently with RJ standardization.  
The aim of this study is to compare for the first time the physicochemical parameters 
in RJ samples from two countries (Romania and Bulgaria) in order to assess whether there are 
any differences between given that both countries have similar weather conditions, flowering 
species and the same mixture of honey bee races –A. mellifera macedonica and A. mellifera 
carnica (Ruttner, 1988).  
 
MATERIALS AND METHODS 
 
35 Bulgarian and 34 Romanian samples were collected from beekeepers or directly 
from apiaries of different regions of Romania and Bulgaria during the RJ production May – 
August 2011 and 2012. The metabolic and physiologic state of worker bees, the seasonal and 
regional conditions and the exactly larval age could not be controlled and registered in 
samples provided by beekeepers. Samples were kept at -18°C until further analysis were done 
at Laboratory of Bee Products, Institute of Animal Science, Kostinbrod -Bulgarian RJ and 
Aphis Laboratory, UASVM Cluj-Napoca -Romanian RJ. 
Protein content was determined by Folin-Ciocalteu reagent after Lowry’s method 
(1951) using a UV VIS spectrophotometer (T60 U, PG Instruments for Bulgarian samples and 
1700, Schimadzu for Romanian RJ). 
Sugars content determination (fructose, glucose, sucrose) was performed by high 
performance liquid chromatography with refractive index detector (HPLC-IR) using the 
method described by Sesta (2006). Bulgarian samples were analyzed at a PerkinElmer HPLC, 
Series 200 equipped with a Brownlee Spheri-5 AMINO 5 µm column (220x4.6 mm). The 
column and the refractive index detector were maintained at 30 °C. The injection volume was 
10 µl. Elution was performed using acetonitrile: water (4:1 v/v) as the mobile phase, at a flow 
rate of 1.3 ml/min. For Romanian RJ it was used a Shimadzu VP series HPLC with identically 
conditions and an Alltima Amino 100 Å 5 µm column (250×4.6 mm). 
Water content was determined using a Labolan WY1A Abbe refractometer for 
Bulgarian RJ and gravimetrically calculated after direct drying at 60 °C for about 4 hours in a 
Binder oven until constant mass for Romanian samples. 
Acidity was determined by automatic titration with 0.1N NaOH. It has been used a 
Normax titrator for Bulgarian samples and a TitroLine Easy for Romanian ones. The pH was 
registered with an automatic pH-meter. 
The data was evaluated using the methods of variation statistics. Average, minimal 
and maximal values were calculated. Significance of differences in investigated parameters 
between samples of Romania and Bulgaria were examined by Student’s t-test. 
 
RESULTS AND DISCUSSIONS 
 
The physical-chemical parameters measured were: water, protein and sugar (fructose, 
glucose, sucrose) content as well as total acidity and pH. The results of RJ samples from 
Romania and Bulgaria are presented in Table 1. The analyses were performed in triplicate. 
Water content varies from 54.47 to 69.74% in RJ from Romania and from 58.80 to 
65.80% in Bulgarian RJ. Our results are within the normal range proposed by the IHC for 
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water content: 60-70% (Sabatini et al., 2009). No significant differences between samples 
from both countries were found for this parameter.  
 
Tab. 1  
Physicochemical parameters of Romanian and Bulgarian royal jelly 
 
Parameters 
RJ from Romania  
(n=34) 
RJ from Bulgaria 
(n=35) 
Water, % 62.50 ± 3.52 62.13 ± 1.90 
Proteins, % 13.04 ± 1.87a 15.83 ± 2.58a 
Total sugars (Fructose, Glucose, Sucrose), % 11.99 ± 2.10 11.27 ± 1.54 
pH 3.99 ± 0.09 3.85 ± 0.18 
Total acidity, ml 0.1 N NaOH/g 3.78 ± 0.53 3.90 ± 1.42 
Note: a denotes very significant differences, p < 0.001 (Student t-test). 
 
From a quantitative point of view, protein represents the most important portion of 
the dry matter of RJ. Bulgarian RJ as compared to Romanian one contains relatively high 
amounts of protein (p<0.001). The mean values are presented in Table 1. Protein in RJ from 
Romania ranges from 9.54 to 17.13% and from 9.62 to 19.63% in Bulgarian RJ. The minimal 
values in the both groups of samples are identical (about 9%). On the basis of literature data 
protein content varies in a large range, 9–18% according to Sabatini et al. (2009).  
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Fig. 1. Sugar content (fructose, glucose, sucrose) of Romanian and Bulgarian royal jelly (%) 
Note: * denotes differences, p < 0.05; ** denotes significant differences p < 0.01 (Student t-test) 
 
The most abundant sugars in RJ are fructose, glucose and sucrose. Differences 
between the values of the two groups of samples were found in all analyzed sugars. As can be 
seen from Figure 1 fructose in both group of samples are in a higher amount that glucose. For 
the three main sugars the ranges for Romanian and Bulgarian samples are as follow: fructose 
(2.75–7.70% and 3.32–6.89%), glucose (2.57–8.68% and 2.01–8.54%), sucrose (0.12–2.89% 
and 0.04–5.08%) and sum of determined sugar content (8.12–16.61% and 8.05–15.47%). Our 
results are comparable with those found in the literature (Sabatini et al., 2009). Higher 
average levels of fructose and glucose and lower of sucrose in RJ samples from Romania 
were found compared to Bulgarian RJ. 
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Total acidity and pH are storage depending parameters. RJ has a high acidity which 
increases with time of storage and temperature. The pH varies between 3.20 and 4.06 in 
Bulgarian samples and from 3.74 to 4.12 in Romanian samples. There are no differences in 
total acidity values between RJ from Romania and Bulgaria. The minimal and maximal values 
are 2.53–4.78 and 2.48–4.60 ml 0.1 N NaOH/g, respectively. Our results for both parameters 
are consistent with the normal range published by IHC (Sabatini et al., 2009): pH 3.4–4.5 and 
acidity 3–6 ml 0.1 N NaOH/g. The mean values are listed in Table 1. The obtained values for 
all analyzed parameters are consistent with previously independent published results in 
Romania and Bulgaria (Popescu, 2009; Balkanska et al. 2012). 
The composition and physical properties of RJ are large reported in the literature 
(Garcia-Amoedo and Almeida-Muradian, 2007; Lercker et al., 1993; Sesta and Lusco, 2008; 
Sauerwald, 1997; Serra Bonvehi, 1992; Echigo et al., 1986; Bonomi et al., 1986; Pourtallier 
et al., 1990; Howe et al., 1985; Wonghcai, 2002 and others) and concluded from the IHC 
(Sabatini et al., 2009). Different authors reported similar results, but a high variability is 
displayed by parameters such as lipids and sugars. These differences are due to the variability 
of the number of samples taken into account and collected from different places and at 
different times of production, to the various methods of analysis used (Sabatini et al., 2009) as 
well as to the metabolic and physiologic state of worker bees (Scarselli et al., 2005), the larval 
age (Lercker et al., 1993; Brouwers et al., 1987), the honey bee race (Sano et al., 2004) and 
the seasonal and regional conditions (Biondi et al., 2003; Chen and Chen, 1995).  
In our study similar conditions that couldn’t significant influence the RJ composition 
for both groups of samples are the honeybee races (a mixture of A. mellifera macedonica and 
A. mellifera carnica) and the period of RJ production (May–August). Although we used the 
same methods for analysis (excepting the moisture determination) differences may occur 
because of the equipment produced by different companies, with different accuracy. It should 
be kept in mind that there are other variable conditions that couldn’t be registered like larval 
age of grafting or sampling and a slightly more humid and cold climate in the active season in 
Bulgaria (average temperatures from May to August in Bulgaria are 16-21oC and 18-24oC in 
Romania). This latest factor influences the nectar and pollen composition, which are the 
precursors for RJ. These similar conditions and the variable ones between our countries 
justify the close results in water and total sugar content, pH and acidity as well as the 
differences in protein and main sugars (fructose, glucose, sucrose) content obtained in this 
study. Moreover, it is known that RJ is a naturally inhomogeneous product. Other differences 
in carbohydrate, water and lipid content have also been reported for the seasonal variation 
(Wongchai and Ratanavalachai, 2002; Chen and Chen, 1995). Future comparative studies are 
deeded to achieve a set of physicochemical parameters as indicators of the origin of RJ. 
 
CONCLUSION 
 
The results of the present physicochemical comparison of RJ originated from 
Bulgaria and Romania reveals similarities in the water and total sugar content, pH and acidity. 
Higher values of protein and sucrose and lower of fructose content was found in Bulgarian 
than in Romanian RJ. Differences in climate between the two countries, even if they are 
small, different devices used for analysis, even the methods used are the same and RJ intrinsic 
heterogeneity can influence the composition of the product. 
The researches on RJ of different origin should be further developed, in order to 
understand better the analytical results, which may be related also to the prevalence of the bee 
race, larval age of grafting or sampling and bee forage. Moreover, a good knowledge of the 
product would provide the scientific support for the introduction of a national standard. 
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